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AUTOMATIC VOLTAGE CONTROL CIRCUIT BY 
USING REACT IVE POWER 

FIELD OF THE INVENTION 

The present invention relates to an automatic voltage 
control circuit for a large capacity AC power source 
facility and, particularly to an automatic voltage con 
trol circuit by using reactive power, in which a switch 
ing part is provided on an output terminal of an in 

' verter, so when reactive power is generated excessively 
due to the variation of a load connected to the output 
terminal, the switching part is driven for always main 
taining the output voltage at a constant level. 

BACKGROUND OF THE INVENTION 

The voltages are supplied through inverters to unin 
terrupted AC power supply apparatus, automatic AC 
voltage adjusting apparatus and AC motor control ap 
paratus. 1 

In the case where the AC power is supplied through 
the inverter, the power is provided with harmonics due 
to the characteristics of the inverter. Therefore, in the 
case of a large capacity-low frequency thyristor in 
verter of over 50 KVA, a ferro-resonant circuit has 
been provided on an output terminal of the inverter in 
order to adjust the voltage of the output terminal. 
However, in the ferro-resonant circuit, inductors of 

the resonant circuit can be burned off by a large circu 
lating current under a light load, and therefore, a sepa 
rate cooling device has been used to prevent such a risk. 
However, it has still some problems because of low 
ef?ciency and low reliability, and malfunctions have 
been occurred frequently. 

Further, in using the ferro-resonant circuit, there 
needs to keep inductors therein always for the ferro 
resonance to prepare against the over-heating damage, 
and the inductor has to be replaced periodically, 
thereby causing many inconveniences. 

SUMMARY OF THE INVENTION 

The present invention is intended to overcome the 
above described disadvantages of the conventional 
techniques. 

Therefore, it is an object of the present invention to 
provide an automatic voltage control circuit by using 
reactive power in which instead of employing the ferro 
resonant circuit, a separate switching part and circuits 
for controlling this switching part are provided with a 
well-known impulse commutating type thyristor in 
verter in order to prevent unstable power outputs due 
to the variation of the reactive power in the conven 
tional impulse commutating type thyristor inverter to 
supply stabilized output voltages. 
According to the present invention, in order to 

achieve the above object, the automatic voltage control 
circuit, having a low-pass ?lter for ?ltering output volt 
ages of an inverter and applying to load, comprises a 
proportional integrating circuit for integrating the dif 
ference between the output voltage and the reference 
voltage proportionally, a triangular wave output circuit 
for generating a ?rst triangular wave a the second tri 
angular wave having a phase difference of 90° each 
other, a comparing circuit for comparing the output 
from the proportional integrating circuit with the ?rst 
and second triangular waves, an inverter for controlling 
effective power according to outputs from the ?rst 
comparator of the comparing circuit, and a reactive 
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2 
power control circuit for controlling reactive power 
due to variations of the load according to outputs from 
the second comparator of the comparing circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and other advantages of the present 
invention will become more apparent by describing in 
detail the preferred embodiment of the present inven 
tion with reference to the attached drawings, in which: 
FIG. 1 illustrates a conventional impulse commutat 

ing type thyristor inverter circuit; 
FIG. 2 illustrates Waveforms of the driving signals for 

driving the conventional impulse commutating type 
thyristor inverter; 
FIG. 3 illustrates waveforms of the output voltage of 

the conventional impulse commutating type thyristor 
inverter; 
FIGS. 4A to 4C illustrate each waveform of voltage 

and current when reactive power in the conventional 
impulse commutating type thyristor inverter is increas 
mg; 
FIG. 5 is a circuit diagram of a switching part con 

structed according to the reactive power control type 
automatic voltage control circuit according to the pres 
ent invention; 
FIG. 6 is block diagram of the reactive power control 

type automatic voltage control circuit of the present 
invention; 
FIG. 7 illustrates each waveform of major portions of 

the automatic voltage control circuit according to the 
present invention; 
FIG. 8 is a block diagram of a signal output part and 

a switching part in the reactive power control type 
automatic voltage control circuit according to the pres 
ent invention; and 
FIGS. 9A-9C illustrate waveforms of the output 

voltage obtained by the reactive power control type 
automatic voltage control circuit according to the pres 
ent invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention employs the conventional im 
pulse commutating type thyristor inverter, and the op 
eration of the impulse commutating type thyristor in 
verter and the problems thereof will be described to 
gether with the solutions. 
FIG. 1 is a circuit diagram of the impulse commutat 

ing type thyristor inverter 501 comprising a DC power 
source Vs, an insulated transformer T, thyristors 
Thl-Th4, diodes D1, D2, D3, capacitor C, a serial 
inductor L, and a low-pass ?lter 500. 
Now, the operation of this circuit will be described 

with reference to FIG. 2. FIG. 2 illustrates waveforms 
of pulses for driving the thyristors Thl-Th4. Pulse Pl 
drives the thyristor Th1, pulse P2 drives the thyristor 
Th2, pulse P3 drives the thyristor Th3, and pulse P4 
drives the thyristor Th4. 
When the thyristors Th1,Th2,Th3 are respectively 

driven by the pulses P1,P2,P3, the DC power source Vs 
is supplied from a positive terminal “+” through termi 
nals F,E of the transformer T, the thyristor 
Th1,Th2,Th3 and the inductor L to the cathode “—” of 
the DC power source Vs. 
Under this condition, a part of the DC power source 

Vs is charged through the thyristor Th2 to the capaci 
tor C and, when its charged level attains to the double 
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of the DC power source Vs, the thyristor Th2 is turned 
off. Further, at time t1, the thyristor Th4 is driven and 
the thyristor Th3 is turned off. 

Therefore, a resonant current flows from the capaci 
tor C through the thyristor Th4 and the inductor L to 
the diode D1 and increased energy is accumulated in 
the inductor L due to the increasing current. 

If the resonant current is decreased from when the 
inter-terminal voltage of the inductor L becomes equal 
to negative DC voltage Vs, the energy accumulated in 
the inductor L is supplied through a secondary winding 
and the diode D3 to the positive terminal “+” of the 
DC power source Vs, thereby causing energy dissipa 
tlon. 

At time t2, all the thyristors Thl-Th4 are opened and 
at time t3, the thyristors Th1,Th2,Th3 are driven, so 
that the current can flow through terminals F,G of the 
transformer T, the thyristors Th2, Th4 and the inductor 
L to the negative terminal “ — ” of the DC power source 
VS, thereby reversing the direction of the output volt 
age from the secondary side of the transformer T. 
Under this condition, the conduction state of the thy 
ristor Th2 for accumulating the commutated energy is 
turned to a naturally commutated state when the 
charged current of the commutating capacitor C drops 
to zero. 

As shown in FIG. 3, the impulse commutating type 
thyristor inverter can control conduction delay angle of 
the thyristor and control the effective voltage value. 

In order to form the voltage supplied to the load into 
a sine wave, a low pass ?lter comprises an inductor L1 
and a capacitor C1 since the output from the impulse 
commutating type thyristor inverter contains a plurality 
of harmonic components. 

Here, if a power factor (Cos 0) of the load is low, the 
reactive power is increased in the low pass ?lter com 
pared with the power consumption of the load and, at 
the same time, the magnitude of the output power is 
increased and generates distorted voltage waves. 
Due to the in?uence of such a reactive power, the 

output voltage from the secondary terminals of the 
transformer T becomes as shown in FIG. 4A, and the 
output current generates a waveform containing a lot of 
harmonic components compared with a frequency of a 
standard voltage as shown in FIG. 4B. 

Further, the output voltage Vo shows a distorted 
waveform containing a lot of harmonic components as 
shown in FIG. 4C, and a voltage of the distorted wave 
form is supplied to opposite terminals of the load due to 
a quality factor and the reactive waveform of the low 
pass ?lter 500 500, which consists of the inductor L1 
and the capacitor C1. Under this condition, maximum 
value Vm of an output voltage from the standard wave 
component supplied to the opposite terminals of the 
load is represented as follows: 

(1) 

where V1 represents terminal voltage of the secondary 
side of the transformer T and R0 represents an equiva 
lent load resistance. 
When an AC voltage expressed by Vo=Vm sin wt is 

supplied to the load terminals, if it is assumed that a 
current expressed by io=Im Sin(wt—0) flows, then an 
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4 
instantaneous power P can be expressed by the voltage 
multiplied by the current as follows. 

Vo >< i0 = Vm Sin wt x 1m Sin (wt - e) (2) 

2 

VmIm 
2 

_ VmIm 
_ 2 Cos9 — Cos(2wt — 0) 

When the phase angle between voltage and current is 0, 
the AC instantaneous power can be expressed by the 
sum of a constant power having a value of 

VmIm 
2 c050 

and a power having a value of 

which is variable to a double frequency according to 
time. 

Therefore, as is apparent in the formula 1 above, the 
AC power varies according to the equivalent load resis 
tance R0 and the time t, and the power P is instanta 
neous AC power. 
According to formula 2 above, the instantaneous 

power P is expressed by the multiplication of the volt 
age by the current and the instantaneous power P is 
determined by the phase angle 6 between the voltage 
and the current, where the phase angle 0 is determined 
according to the magnitude and the kind of the load. 

Therefore, the AC power can be obtained by taking 
the average value of each cycle (211' radians) of the 
instantaneous power of the formula 1. 
The ?rst term of the formula 2 is constant upon deter 

mination of the phase angle 6, and the second term has 
an average value 0 for each cycle because the power is 
varied to double frequency. 
As shown in FIG. 4, the instantaneous powers from 

the time t0 to the time t1 and from the time t1 to the time 
t2 are offset each other, and therefore, the AC power is 
0. 
During the time span from the time t0 to the time t1, 

the power is supplied from the power source terminal to 
the load, and during the time span from the time t1 to 
the time t2, the power is recurred from the load to the 
power terminal. 

Therefore, the output voltage not only produces the 
distorted waveform containing a lot of harmonic com 
ponents, but also varies in a sensitive manner according 
to the variations of the magnitude of the load. 
The present invention employs the above described 

impulse commutating type thyristor inverter wherein 
the reactive power recurred toward the power source 
during the time interval (t1~t2) as shown in FIG. 4 is 
controlled by the low pass ?lter, so that the voltage can 
be maintained constantly in spite of the variations of the 
load, and an output voltage close to a sine wave can be 
supplied to the load. 
FIG. 5 illustrates a switching part 10 of the automatic 

control circuit by using the reactive power according to 
the invention. 

Before the voltage V1 supplied from the conven 
tional impulse commutating type thyristor inverter is 
supplied to the load, the voltage V1 is ?ltered by the 
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low-pass ?lter 500 consisting of the inductor L1 and the 
capacitor C1, and then, the voltage is supplied to the 
load. However, in order to control the reactive power 
against the variations of the load, the present invention 
employs the switching 10 consisting of thyristors 
Th5, Th6. 
FIG. 6 is a block diagram showing the reactive 

power control type automatic voltage control circuit 
according to the present invention, and this circuit con 
trols the reactive power by controlling the switching 
part 10 and the impulse commutating type thyristor 
inverter. 
The reactive power control type automatic voltage 

control circuit according to the present invention in 
cludes a proportional integrator 100, a triangular wave 
generator 200, a comparing circuit 300, a reactive 
power controlling circuit 400, a conventional impulse 
commutating type thyristor inverter 501 also FIG. 1 
and also called “inverter” below) and a low-pass ?lter 
500. 

Speci?cally, the proportional integrator 100 carries 
out proportional integrations on the difference between 
a reference voltage Vr and an output voltage Vo pro 
vided from the reactive power control circuit 400. This 
circuit 100 includes an adder 30 provided with a feed 
back part 20 for feeding back the output from reactive 
power control circuit 400. The reference voltage Vr is 
supplied to the adder 30, so that the adder 30 can output 
a difference (AV) between the reference voltage Vr and 
the output voltage V0’ of the feed back part 20. The 
output voltage (AV) from the adder 30 of the propor‘ 
tional integrating circuit 100 is supplied to a propor 
tional integrator 40. 
The triangular wave generating circuit 200 comprises 

a signal generator 50 for generating sinusoidal waves 
having a predetermined width, and ?rst and second 
triangular wave generators 60, 70 for converting the 
sinusoidual waves to triangular waves to generate ?rst 
and second triangular waves. 
The ?rst and second triangular wave generators 60, 

70 are connected to the signal generating part 50 and 
the ?rst traingular wave provided from the ?rst triangu 
lar wave generator 60 precedes by 90° that of the sec 
ond triangular wave generator 70. 
The comparing circuit 300 compares an output from 

the proportional integrating circuit 100 with the ?rst 
and second triangular waves, and comprises a ?rst com 
parator 0P1, connected to the proportional integrator 
40 and the ?rst triangular wave generator 60 and a 
second comparator 0P2 connected to the proportional 
integrator 40 and the second triangular wave generator 
70. 
The inverter 501 is constructed in a same manner as 

the conventional one of FIG. 1, but its conduction delay 
angle “a” is controlled according to an the output from 
the ?rst comparator 0P1, so that the output apparent 
power can be controlled. 
The reactive power control circuit 400 controls the 

reactive power caused by the variations of the load 
according to an output from the second comparator 
0P2, and comprises a switching output part 80 (FIG. 8) 
for generating ?rst and second switching signals the 
polarity of the output voltage V0 and the output from 
the second comparator 0P2, and a switching part 10 
(FIGS. 5 and 8) for controlling the output voltage ac 
cording to the ?rst and second switching signals. 
The above components will be described in more 

detail. The switching signal generator 80 comprises a 
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6 
monostable pulse generator 2 connected to the second 
comparator 0P2 for generating sinusoidal waves ac 
cording to the output from the second comparator 0P2. 
The sinusoidal waves generated by the monostable 
pulse generator 2 had a width corresponding to time 
constants of a resistor R1 and the capacitor C2. 
The switching signal generator 80 further comprises 

a polarity detector 1 connected to the output terminal of 
FIG. 5. The polarity detector 1 outputs high level logics 
through a terminal “b” under the negative polarity of 
the voltage of the output terminal, and through a termi 
nal “a” under the positive polarity of the voltage of the 
output terminal. 
The monostable pulse generator 2 and the polarity 

detector 1 of the switching signal generator 80 are re 
spectively connected to AND gates A1, A2, so that the 
AND gates A1, A2 can provide high level logics ac 
cording to the outputs from the monostable pulse gener 
ator 2 and the polarity detector 1. 

Further, as shown in FIG. 5, the switching part 10 
comprises thyristors Th5, Th6 connected to the output 
terminal for being driven by the output from the switch 
ing signal generator 80. 
Reference symbols B1, B2 are buffers, and the second 

comparator 0P2 does not belong to the switching sig 
nal generator 80, but is illustrated therewith for the sake 
of explaining. 
The automatic voltage control circuit by using reac 

tive power of the present invention constructed as 
above will now be described in more detail as to its 
operations referring to FIG. 7. 

Triangular pulse P5 is output from the ?rst triangular 
pulse generator 60, pulse P6 is output from the inverter 
500, and triangular pulse P7 is output from the second 
triangular pulse generator 70. 

Pulse P8 is a waveform of a voltage supplied to the 
positive terminals and negative terminals of the thy 
ristors Th5, Th6, and pulse P9 is a waveform of a volt 
age supplied to the load. Pulse P10 is a voltage wave to 
be supplied through the AND gate A1 to the thyristor 
Th5, and pulse P11 is a waveform of a driving signal 
voltage to be supplied through the AND gate A2 to the 
thyristor Th6. 

First, under a normal state of the load, the output 
voltage supplied to the load is transferred through the 
feedback part 20 to the adder 30 in the form of a feed 
back voltage Vo'. 

Since the adder 30 has already been keeping the refer 
ence voltage Vr, the difference voltages (AV) between 
the feed back voltage V0’ and the reference voltage Vr 
are subjected to a proportional integration by the pro 
portional integrator 40. However, when the feed back 
voltage V0’ is in a normal state, the level of the differ 
ence voltages (AV) is higher than the triangular waves 
of the ?rst and second triangular generators 60, 70 so 
that the ?rst and second comparators 0P1, 0P2 can 
output low level logics. 
The low level logics of the ?rst comparator 0P1 can 

not affect the inverter 501 so that the inverter 501 can 
maintain the conduction delay angles of the thyristors 
Th1-Th4, and output effective powers continuously. 
Further, low level logics output from the second com 
parator 0P2 can not affect the monostable pulse genera 
tor 2 so that the output can be kept at a low level. 

Therefore, the AND gates A1, A2 are maintained at 
the low level logics, so that the AND gates A1, A2 can 
output low level logics, thereby turning off the thy 
ristors Th5, Th6. 
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Such a turned-off state of the thyristors Th5, Th6 
assures that the output voltage V0 is supplied continu 
ously from the inverter 501 to the load. Under this 
condition, the voltage supplied to the thyristors Th5, 
Th6 can keep a sine waveform like the pulse P8 so that 
the output voltage Vo can have the sine wave form like 
the pulse P9. 
However, if the output voltage V0 is increased corre 

spondingly to the increase of the reactive power due to 
the variations of the load, the output voltage V_o’ from 
the proportional integrator 40 becomes lower than the 
?rst and second triangular pulses P5, P6 as shown by 
the dotted lines in FIG. 7. 
Under this condition, the ?rst comparator 0P1 rec 

ognizes that the ?rst triangular wave is lower than the 
voltage V0’ and supplies a high level logic to the in 
verter 501, so that the conduction delay angle a of the 
thyristors Th1~Th4 can be enlarged and decrease the 
effective power. 

Meanwhile, the second comparator 0P2 compares 
the output voltage Vo’ from the proportional integrator 
40 with the output from the second triangular wave 
generator 70 having a phase angle lagging by 90° behind 
the ?rst triangular wave P6, and outputs driving signals 
P10, P11 for the switching signal generator 80. The 
driving signals P10, P11 from the second comparator 
0P2 are supplied to the monostable pulse generator 2, 
and the monostable pulse generator 2 outputs proper 
spherical waves according to the time constants of the 
capacitor C2 and the resistor R1. 
The polarity detector 1 detects a negative polarity for 

the output voltage Vo at the time t1 to supply a high 
level logic through a terminal “b” to the second AND 
gate A2. Then the second AND gate A2 receives the 
high level logics from the polarity detector 1 and the 
monostable pulse generator 2, and supplies the high 
level logics to a thyristor Th6. Accordingly, the thy 
ristor Th6 is rendered conductive, so that the reactive 
power increasing due to the variations of the load can 
be fed back through the thyristor Th6 and the inductor 
L2, for controlling the magnitude of the output voltage 
P9. 
On the other hand, if the output voltage V0 is posi 

tive, the polarity detector 1 supplies a high level logic 
through the terminal “a” to the AND gate A1, so that 
a driving signal equal to the pulse P11 can be supplied to 
the thyristor Th5. 

Thus, the reactive power due to the variations of the 
load goes back through the thyristors Th5, Th6 and the 
reactor L3, so that the effective value of the output 
voltage Vo can be maintained constantly. 
FIG. 9 illustrates waveforms to be obtained through ‘ 

an actual experiment, wherein FIG. 9A illustrates a 
waveform of an output voltage under a minimum load 
condition, FIG. 9B illustrates a waveform of an output 
voltage under one half load condition, and FIG. 9C 
illustrates a waveform of an output voltage under a 
maximum load condition. 
According to the present invention as described 

above, the reactive power due to the variations of the 
load is detected by means of a proportional integrating 
circuit, and the switching part is driven according to the 
magnitude of the reactive power, so that the output 
voltage can be maintained stably regardless of the varia 
tions of the load. Further, the large circulating current 
?owing through the low-pass ?lter under a light load is 
limited, so that the burning or damage due to the induc 
tor current can be prevented. 

8 
What is claimed is: 
1. An automatic voltage control circuit by using reac 

tive power including inverter output adjusting means 
having a low-pass ?lter for ?ltering output voltage of 

5 said inverter to supply to a load, said automatic voltage 
control circuit comprising: 

proportional integrator means for proportionally 
integrating difference between an output voltage 
and a reference voltage; 

triangular wave generator means for generating a 
?rst triangular wave and a second triangular wave 
with a difference of a phase angle 90° ; 

comparing means having a ?rst comparator and a 
second comparator for comparing an output from 
said proportional integrator means with said ?rst 
and second triangular waves; 

inverter means for controlling effective power ac 
cording to an output from said second ?rst compar 
ator; and 

reactive power control means connected to said com 
paring means for controlling reactive power due to 
variations of said load according to an output from 
said comparator. 

2. The automatic voltage control circuit as claimed in 
claim 1, wherein said proportional integrator means 
comprises: 

feedback means for feeding back an output voltage 
from said reactive power control means; 

adder means for calculating a difference between said 
reference voltage and an the output voltage from 
said feedback means; and 

proportional integrator means for proportionally 
integrating an output from said adder. 

35 3. The automatic voltage control circuit as claimed in 
claim 1, wherein said comparing means comprises: 

a ?rst comparator for comparing said triangular 
waves from said triangular generator means with 
the output from said proportional integrating cir 
cuit; and 

20 

25 

30 

40 
a second comparator for comparing said second tri 

angular waves from said triangular wave generator 
means with the output from said proportional inte 
grating circuit. 

45 4. The automatic voltage control circuit as claimed in 
claim 1, wherein said reactive power control circuit 
comprises: 

switching signal generating means for generating a 
?rst switching signal and a second switching signal 
according to polarities of said second comparator 
and said output voltage; and 

switching means for controlling said output voltage 
according to said switching signals. 

5. The automatic voltage control circuit as claimed in 
claim 4, wherein said switching signal generating means 
comprises: 

a monostable pulse generator for generating pulses 
having a predetermined width according to an 
output from said ?rst comparator; and 

a ?rst AND gate and a second AND gate for combin 
ing outputs from said polarity detector and said 
monostable pulse generator. 

6. The automatic voltage control circuit as claimed in 
claim 4, wherein said switching means comprises a ?rst 
thyristor and a second thyristor to be driven according 
to outputs from said ?rst and second AND gates for 
controlling an output voltage from said inverter to said 
load. 

55 

60 
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7. The automatic AC output voltage control circuit 0nd triangular waves for controlling the inverter 
Comprising; and reactive power control means. 

an impulse commutatingtype thyristor inverter for 8. The automatic AC output voltage control circuit 
. . . according to claim 7, and further comprising a low pass 

converting a Supphed DC voltage Into an Ac out‘ 5 ?lter for ?ltering the AC voltage from the inverter to 
Put voltage; the reactive power control means. 

a reactivs POWer control means Comprising Polarity 9. The automatic AC output voltage control circuit 
detector means for providing ?rst and second logic according to claim 7, wherein the porportional integra 
signals in respective response to polarities of the tor means comprises: 
Ac output voltage, a monostable pulse generator 10 output voltage feedback means for feeding back a 
responsive to the second output voltage for provid- third Output ‘phage Part of the AC output voltage; 
ing a third logic signal, AND gates respectively an adder for adding a reference voltage to the third 

. , . output voltage; and 
responswe to the ?rst and thud and Second and proportional integrator means for integrating the 
third logic signals and Switching means respec' 15 third output voltage into the second output volt 
tively responsive to the AND gates for oppositely age_ 
shunting the AC output voltage; and 10. The automatic AC output voltage control circuit 

afeedback means comprising, proportional integrator according to claim 7, wherein the comparing circuit 
means responsive to the AC output voltage and a mans comprises: _ 
reference voltage for providing the second Output 20 a ?rst comparator responsive to the second output 
voltage, triangular wave generator means for pro_ voltage and the ?rst triangular wave for control 
d . f t t . 1 d d . ling the inverter; and 
ucmg 3 ‘rs nangu ar Wave an a secon mangu' a second comparator responsive to the second output 

131' Wave that lags 90° i'n Phase ffom the ?rst triallg' voltage and the second triangular wave for con 
ular Wave and comparing cll‘clllt means ICSPOIISIVE 25 trolling the reactive power control means. 
to the second output voltage and the ?rst and sec- * * * * * 
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